Population and reproductive aspects allow the knowledge and understanding of population dynamics and the influence of environmental factors, in addition to ensure the success of a species continuity. Thus, the aim of this study was to analyze population and reproductive traits of the species Hyphessobrycon eques in southern Pantanal, Brazil. Monthly samplings were conducted from February/2009 to January/2011, with 617 individuals analyzed, being 365 females and 262 males. A similar form of distribution in length and weight between the sexes was observed. There was no significant variation in sex ratio over time, with higher proportion of females during the entire sampled period. Both sexes presented a angular coefficient of Weight/Length (b) relationship greater than 3, with speed of increase in weight greater than in length. For females, a long reproductive period was observed, with greater reproductive intensity from January through June. No significant correlation was observed between the Gonadosomatic Index (GSI) and the average temperature, rainfall and river level, despite the fact that reproductive activity occurs in autumn/winter, when there are favorable conditions due to flooding. The size at first maturation (L 50 ) was 20.2 mm, with confidence interval varying from 19.7 through 20.7 mm. The average fecundity was 191.9 oocytes/females and was significantly related to the standard length and total weight (g), demonstrating a relation with energy accumulation to invest in reproduction. The long reproductive period, intensified by partial spawning, higher proportion of females and low L 50 , show that the species has strategies necessary for survival and rapid population growth, common in small species characterized as r-strategists.
Introduction
It is widely reported to fish, high plasticity in life history traits such as reproduction, growth and mortality in response to environmental variations. This plasticity is capable of providing knowledge about the behavior of a particular species (Tondato et al., 2012 (Tondato et al., , 2014 . In Neotropical region, studies that quantify life history traits of fishes are concentrated mainly in the medium and large-sized species, which present commercial interest and are targets of fishing (Mateus and Penha, 2007; Arantes et al., 2011; Paschoalini et al., 2013) . Recently, however, studies have analyzed population and reproductive traits of small species in different environments (Cunha et al., 2007; Tondato et al., 2014; Normando et al., 2014; Almeida-Silva and Mazzoni, 2014; Súarez et al., 2017) , showing a high phenotypic plasticity in response to spatio-temporal variations (Mérona et al., 2009; Olden and Kennard, 2010) .
Reproduction is one of the most important aspects of the biology of a species, since it provides information traits such as fertility, sex ratio, size at first maturation and structure in length, which exhibit variations in response to environmental conditions being able to diagnose the different strategies (Suzuki et al., 2005; Rêgo et al., 2008; Olden and Kennard, 2010; Lourenço et al., 2012; Souza et al., 2014) .
These traits have direct and indirect effects on reproduction and fitness of fish, since they define the individual's ability to produce sufficient offspring, allowing the maintenance of viable populations and ensuring the species success (Winemiller, 2003; Mérona et al., 2009) . Thus, the knowledge of population and reproductive aspects in addition to allow the understanding of the population dynamics and the influence of abiotic and biotic factors, such as temperature, predation, competition and hydroperiod (Wootton, 1999) , also contributes with information regarding the establishment of rules for management and conservation of species (Mônaco et al., 2014) .
Among the environmental factors, flood regime is the most documented as one of the determining factors in fish ecology in floodplains of temperate and tropical regions (Agostinho et al., 2003; Bailly et al., 2008; Zeug and Winemiller, 2008) . In Brazilian Pantanal floodplain, in response to spatial differences in environmental conditions, small fish species can exhibit wide range of reproductive strategies, but reproduction is seasonal and most fish species spawn at the start of the flood due to greater availability of food and shelter for the larvae and juveniles (Agostinho et al., 2004; Bailly et al., 2008) .
The genus Hyphessobrycon Durbin is composed of 136 species belonging to the order Characiformes, which is a dominant group among small fish of freshwater in South America, comprising herbivorous forms, omnivorous, iliophagous, carnivorous, some of which are very specialized (Dagosta et al., 2016) , and are considered opportunists. The term opportunist was associated with small fish species that usually have rapid development with early maturation, high fecundity and low juvenile survival (Winemiller, 1989) . Due to this characteristic, they show a wide variation in life history traits being distributed in several environmental conditions (Froese and Pauly, 2011) .
The species Hyphessobrycon eques (Steindachner, 1882) is originally found in the Amazon, Guaporé and Paraguay basins, considered an ornamental species (Pelicice and Agostinho, 2006) , popularly known as "Mato Grosso" and widely found in aquarium stores in several regions of Brazil, even with scarce information about its ecology. Currently, H. eques is also found in the upper Paraná River basin and rivers of eastern Brazil due to its introduction (Buckup et al., 2007) .
Knowing that life history traits present plasticity, varying with local environmental conditions, to maximize reproductive success, the objective of this study was to assess the reproductive strategy of Mato Grosso (H. eques) through analyzes of several reproductive tactics and understanding the factors that influence the maintenance of viable population over time. Thus, the reproductive strategy was evaluated with the following objectives: (i) characterize the population structure regarding length/weight relationships length and total weight distribution and sex-ratio; (ii) determine the reproductive period considering gonadal development stages and gonadosomatic index (GSI); (iii) verify the relationship between GSI and rainfall, water temperature and river level; (iv) estimate the size at first maturation (L 50 ); (v) determine their fecundity and their relationships with standard length and total weight and (vi) determine the type of spawning, by the frequency distribution of oocytes diameter.
Material and Methods

Study area
Pantanal is one of the largest floodplains in the world, located in the central part of South America. The main river in Pantanal is Paraguay with an extension of 2,621 km from its headwaters in Serra de Araporé to its mouth in Paraná River. Rainfall varies from 800 to 1400 mm/year, with 80% between November and March (Fantin-Cruz et al., 2011) . Pantanal of Porto Murtinho is a sub-region of Pantanal, located along the Paraguay River, whose North and South boundaries are Nabileque and Apa rivers, respectively (Silva and Abdon, 1998) . The peak of the flood in this region occurs between June and August when the rainfall is low and the level of Paraguay River reaches almost six meters. Due to its sinuous course, Paraguay River in the region analyzed also features some oxbow lakes formed by abandoned meanders (Figure 1 ), which are directly linked to the river and thus heavily influenced by its seasonality.
Data collection
Monthly samplings were carried out on aquatic macrophyte beds in Paraguay River, Amonguijá River and oxbow lakes of Paraguay River in Porto Murtinho, Brazil, from February 2009 to January 2011. Samples were made with seine nets (1.5 x 5 m) and a sieve (0.8 x 1.2 m) with approximately 2 mm mesh. During the two years of sampling, 109 sample units (sites) were obtained, aiming at the capture of several species of interest, including H. eques, with non-standardized sampling effort (Figure 1) .
In the field, fish were anesthetized with eugenol, fixed in 10% formalin and labeled for subsequent analysis in laboratory where they were transferred to 70% alcohol. Identification was carried out in laboratory and voucher specimens (#11169) were deposited in the fish collection of the Zoology Department, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil. Subsequently, approximately 30 fish per month were analyzed, but it was not possible to evaluate 30 individuals in every 24 months so the data of equivalent months of both years have been integrated.
From each specimen the following biometric data were obtained: total weight (g); standard length (mm); sex; gonadal maturation stages of females (immature, maturing, mature and semi-exhausted) and weight of gonads (g) (Vazzoler, 1996) . Absolute fecundity was estimated by counting all the vitellogenic oocytes present in ovaries of 50 previously selected females with high gonadosomatic index (GSI) values and classified as mature,. GSI was estimated as weight of gonads/total weight*100, as suggested by Adebisi (1987) and relative fecundity was determined by the number of oocytes per milligram of total weight of the female.
During collections, the following data were obtained: water temperature at sampled points, as well as river level and monthly total rainfall data. The values for river level were provided by Brazilian National Water Agency (Agência Nacional das Águas -ANA) from the 67100000 station in Porto Murtinho Municipality and rainfall data were provided by Brazilian National Institute of Meteorology (Instituto Nacional de Meteorologia-INMET) and obtained by the automatic station of Porto Murtinho.
Data analysis
The structure in length was analyzed by visual inspection of the frequency distributions of standard length of the population between sexes, in addition to Kolmogorov Smirnov test to compare the form of length and weight distribution between sexes, once the large amount of data and lack of standardization in number of males and females could result in type I error. Thus, initially, the frequency of individuals of both sexes was distributed in length classes, individuals grouped every 3mm, and the weight in classes of 0.1 g, in order to standardize the data for analysis and graphical representation.
The sex ratio was determined by monthly distributions of males and females throughout the period of study. In order to calculate the overall and over the months sex ratio it was used the Chi-square test (χ 2 ) with Yates correction. The length/weight relationship (LWR) was obtained for each sex by non-linear regression analysis, in which weight and length data were directly adjusted by the function: Total weight = a*Standard length b , being: a = constant and b = angular coefficient of growth; with b = 3 isometric, b < 3 negative allometric and b > 3 positive allometric (Jones et al., 1999) . Growth rate was determined by analysis of the confidence interval of the allometric coefficient (b).
After calculation of the gonadosomatic index, its seasonal variation was used to define the reproductive intensity, and the existence of significant variation in GSI over the months was verified by Kruskal-Wallis test. Thus, the reproductive period determination resulted from the monthly variation in GSI and frequency of gonadal maturation stages.
The average values of females GSI obtained each month were used for analysis of the influence of variation in rainfall, average temperature and historical level of the river on reproductive dynamics by Spearman's correlation.
The size at first maturation was estimated using a logistic regression, according to the method proposed by Roa et al. (1999) , in which individuals that appeared to be immature were considered non-reproductive (0) and those that showed gonadal maturation stage of "maturing" and beyond were classified as reproductive animals.
The possible relations between absolute fecundity and standard length (mm) and total weight (g) were determined using Spearman's correlation and the type of spawning was determined using the same gonads selected for fecundity analysis. A sub-sample was obtained from each gonad selected, and the largest diameter of 150 random oocytes was obtained using a stereomicroscope with a graduated ocular (mm) (Vazzoler, 1996) . The values obtained were grouped in classes of oocyte diameter, and the distribution of the frequencies of these classes was determined to establish, by visual inspection, how the females release mature oocytes during a reproductive period, seeing if spawning is total or partial (Vazzoler, 1996) .
Results
We analyzed a total of 617 individuals, 365 females and 252 males. The standard length of females ranged from 14.4 to 30.58 mm (median = 23.3 mm) and for males it ranged from 13.4 to 30.1 mm (median = 23.0 mm) (Figure 2a) . The total weight of females ranged from 0.04 to 0.66 g (median = 0.26 g) and of males from 0.04 to 0.57 g (median = 0.24 g) (Figure 2b ). No significant variation was observed in the form of distribution of standard length and total weight between females and males, noting only the highest frequency of females in the largest weights, in addition to reaching maximum length and weight in relation to males (Figure 2) .
The sex ratio differed significantly from 1:1 (χ 2 = 20.70; gl = 1; p < 0.001), with 1.45 females for each male and there was not significant variation in sex ratio throughout the years with higher proportion of females throughout the sampling cycle (χ 2 = 18.39; gl= 11; p= 0.07) (Figure 3) . For females it was possible to accurately predict r 2 = 94.7% the weight of individuals using the standard length as predictor, and the generated model for females was Total weight = 0.00001075*Standard length 3.23 , with the confidence interval estimated for the coefficient of allometry (b) varying between 3.14-3.32 (α=0.05) (Figure 4 ). For males it was possible to predict with accuracy r 2 = 95.7% the weight of individuals and the model generated was Total weight = 0.00001142*Standard length 3.18 , with the confidence interval estimated for the coefficient (b) varying between 3.08-3.29 (α=0.05) (Figure 4) . Growth of females and males can be considered positively allometric, because the coefficient of allometry "b" adjusted by non-linear regression was statistically greater than 3, indicating that the speed of increase in weight is greater than in length (Rêgo et al., 2008) .
For reproductive analysis 617 individuals, 365 females and 252 males, were dissected. According to the analysis of variation in stages of gonadal maturation, it was found that mature females occur all year round, however the highest frequency is observed from January to June, with gradual decrease in frequency of mature females, which reached the lowest values in November. Semi-exhausted females are also present in almost all year round, except for February and March and the highest frequency of immature females was observed in the months of September and October ( Figure 5) .
The long reproductive period observed by temporal variation in gonadal maturation stages was corroborated by variation in gonadosomatic index of females (H = 33.8; p < 0.001), showing a similar pattern, with higher values observed from January to July and further decrease, with the lowest values occurring in November. We estimated that variation in river level was the variable with greater correlation with GSI of females (Spearman rho = 0.51; p = 0.09), although it was not significant ( Figure 6 ). Average temperature (Spearman rho = -0.25; p = 0.43) and rainfall (Spearman rho = -0.08; p = 0.80) showed no significant correlation with gonadosomatic index, with high values of GSI in both low and high levels of temperature and rainfall (Figure 6 ).
The estimated size at first maturation (L 50 ) was 20.2 mm for females, with a confidence interval ranging from 19.7 to 20.7 mm, and the size at which all females reach sexual maturity (L 100 ) was 30.8 mm (CI = 29.1 to 33.5) (Figure 7) . By counting oocytes of 50 females it was found that the average absolute fecundity for the population studied was 
Discussion
The results obtained regarding structure in length of H. eques showed lower median length for both sexes in relation to what was found by Gonçalves et al. (2013) (Mean/Females = 30 mm; Mean/Males = 29 mm) in lentic environments in southeastern Brazil. The same authors reported a higher average length for H. eques females, explained by a reproductive strategy related to sexual dimorphism, which was not corroborated by our results, which can be justified by the fact that continuous reproductive activity decreases the somatic growth of individuals. Thus, our results are in agreement with the study by Assunção (2010) with Hyphessobrycon eques in lagoons of the Cuiabá River, North Pantanal, which reports standard lengths similar to the observed in southern Pantanal.
Moreover, it was observed a similar form of length and weight distribution between sexes, confirming the absence of sexual dimorphism and indicating that such a distribution pattern acts as a possible population balancing mechanism. Similar results, showing symmetrical distributions of length and weight and similar modal values of distribution between sexes were found by Abilhoa and Agostinho (2007) with Astyanax species and by Tondato et al. (2014) for Odontostilbe pequira (Steindachner 1882) in the same area sampled. According to Vicentini and Araújo (2003) , sex ratio is basic information for the reproductive potential and for estimation of stock size, providing important data on the structure and dynamics of fish populations. In this study despite sex ratio differ significantly; there was no variation in sex ratio throughout the years, indicating that females are proportionally more numerous than males. Súarez et al. (2009 Súarez et al. ( , 2017 comment that larger proportion of females can be a strategy for rapid population growth, which would be important to H. eques which, due to its small size, never becomes large enough to no longer be prey, demanding a rapid population growth in order to minimize mortality and consequent probability of local extinction.
The length/weight relationship for H. eques indicated greater increment in weight in function of the similar length between males and females, contradicting the results observed by Gonçalves et al. (2013) , which highlighted the negative allometric growth for the same species in lentic environments in southeastern Brazil, justified by a greater length reached by H. eques in this environment and by the statistic inverse correlation between maximum size reached by a population and its rate of weight increment (b of LWR).
In lentic environments, species tend to be less affected during reproduction due to low variability of environmental conditions (Bailly et al., 2008) . Species that inhabit lotic environments are more susceptible to environmental variations (Angulo-Valencia et al., 2016) . Generally, these species have different reproductive strategies, for example, the greater gain in weight than in length as indication of fat storage for gonadal development, which requires high energy expenditure (Rêgo et al., 2008; Mérona et al., 2009 ). Thus, the positive allometric growth of H. eques, suggests that the energy gained is directed toward investment in weight gain and not in growth, due to its continuous reproductive activity and other aspects such as high abundance of food (Souza et al., 2014) .
Reproductive activity occurred practically throughout the year. However, reproductive investment was higher from January to June, when the river level was rising. Thus, despite the decrease in environmental temperature due to the beginning of autumn/winter, reproductive activity continued, suggesting that river level is a more important "reproductive trigger" than temperature and rainfall, as evidenced by Tondato et al. (2014) . These authors reported a similar long reproductive pattern when analyzing the species O. pequira in the same region, in addition to highlighting the relation of reproduction with historical level of the river. A long reproductive period is common in small species (Hojo et al., 2004) , but does not match with the reproductive strategy of seasonal environments (Vazzoler and Menezes, 1992) , with short reproductive period associated with the favorable conditions of flood (Tedesco et al., 2008) . Different from the results found in this study, in the Paraná River Basin, a short reproductive period was reported for H. eques, which showed reproductive period associated with period of rains (Gonçalves et al., 2013) , showing the plasticity in reproductive strategies according to the local conditions.
However, a slow increase, characteristic of long-lasting floods, can result in prolonged spawning, because favorable conditions tend to persist (Bailly et al., 2008) . Lourenço et al. (2008) observed that variations in water level are of great importance for population dynamics of two Characiformes species. Therefore, in the southern part of Brazilian Pantanal, due to high temperatures and flood are not coincident, it can also be beneficial for H. eques to spawn in low levels of water in the main channel of the river, when food resources are concentrated, as proposed by the hypothesis of "Low Flow Recruitment" (LFR) by Humphries et al. (1999) .
Females of H. eques reach the first gonadal maturity with a similar length of 20.0 mm observed by Gonçalves et al. (2013) for the same species, suggesting a strong genetic influence even in different environmental conditions. In general, fish present intra-specific reproductive plasticity due to environmental conditions (Blanck and Lamouroux, 2007) . However, it is known that the reproductive strategy of a species, among other traits, is the most conservative history of life (Agostinho et al., 1999) , so that even in different environmental conditions, the species shows similar patterns in size at first maturation. It is important to note that, even with different average length between the population of H. eques analyzed here and the population observed by Gonçalves et al. (2013) , the similar L 50 suggests a high growth rate for the population in southern Pantanal as a possible adaptation to high mortality. According to Vazzoler (1996) , the rapid reach to L 50 is an efficient mechanism to increase the genetic representation of the population in the next generation.
The absolute fecundity of H. eques was lower (191.9) in relation to fecundity (486) found for the same species in southeastern Brazil (Gonçalves et al. 2013) , which was expected because species in lentic environments present high relative fecundity, characteristic of opportunistic species (Bailly et al., 2008) . However, in the study by Gonçalves et al. (2013) H. eques presented total spawning with a reproductive period restricted to rainy season, as well as in the study by Assunção (2010) in the flood period of Northern Pantanal, while in this study partial spawning with long reproductive period was evidenced. Thus, in this study it was evident the higher reproductive investment, which corroborates the characteristics of females from lotic environments that tend to mature faster and have partial spawning as a strategy for species maintenance (Winemiller, 1989; Suzuki et al., 2005; Angulo-Valencia et al., 2016) .
Moreover, the results indicate that fertility is related to total weight and standard length. This positive relation is usually attributed to a relation with more efficient energy accumulation by larger females, so, the more the female grows the more energy she has available to invest in reproduction, as evidenced by Barbieri et al. (2004) . Complementarily, the higher mean sizes observed in southeastern Brazil also influence in mean fecundity of H. eques, thus, the differences in female's size and spawning type can explain the higher fecundity in southeastern Brazil when compared to Pantanal.
The spawning type is one of the reproductive traits modulated by environment that determine population survival (Winemiller, 1989) . For H. eques the analysis suggests that spawning is partial, because it was noted a polimodal pattern in the distribution of oocytes diameter in mature females, as demonstrated in several small species (Hojo et al., 2004; Lourenço et al., 2008) and for Hyphessobrycon anisitsi (Eigenmann 1907) in southeastern Brazil (Gonçalves et al., 2013) . However, Gonçalves et al. (2013) observed total spawning for H. eques, with restrict reproductive period and high fecundity, showing intraspecific variation according to the location. Associated with the spawning type, the diameter of oocytes observed in this study (0.5 to 0.8 mm) was similar to the diameter (0.6 to 0.76 mm) reported by Gonçalves et al. (2013) for H. eques. Therefore, H. eques population in southern Pantanal presents a long reproduction period with high reproductive investment spawning multiple batches throughout the years, as an attempt to compensate for lower fecundity.
Research that includes analyzes of reproductive traits is of utmost importance for the understanding of species autoecology and adaptations to the environment, besides contributing to studies of functional diversity, since reproductive traits can be components in these analyzes that include new measures of biodiversity (Cianciaruso et al., 2009) .
According to the results, in Mato Grosso (H. eques), the increment in weight in function of equivalent length between sexes suggests that both are under the same environmental pressures, however, females reach greater size as a result of the need to accumulate larger amount of energy for reproduction. Moreover, the long reproductive investment independent of environmental factors, intensified by partial spawning, higher proportion of females and low L 50, provides rapid population growth, a strategy necessary for survival of small species. Finally, the reproductive and population traits, with allocation of resources for reproduction of as many descendants as possible characterize H. eques as an r-strategist species.
